INTRODUCTION
The output of the heart per minute may be altered by changes in the pulse rate or the output per beat or both. One opinion has it that the output per beat is a relatively fixed amount, another that it may vary within wide limits. The recent observations of Field and Bock (1) upon the effect of posture on the output of the heart indicate that wide variations may occur in the output per beat of the hearts of healthy men. These observations emphasize the importance of the peripheral circulation in influencing the amount of blood brought to the heart and thus influencing its output. The administration of atropine, which increases the heart rate without a proportional effect upon the oxygen consumption of the body, offers a means of studying the question further.
Marshall (2) measured the cardiac output of dogs before and after the administration of atropine and found that the cardiac output remained unchanged in spite of an increase in the heart rate to twice its original value. Similar effects were observed by Harrison, Blalock, Pilcher and Wilson (3) after atropine or vagotomy in dogs. No direct observations of the effect of atropine on the cardiac output of man are recorded. Stewart (4) , however, observed the effects of atropine upon the composition of the arterial and venous blood of patients with cardiac disease and found that in certain types of cases an increase in the oxygen saturation of the blood of the arm vein pointed to an increase in the cardiac output. In only one case was this of the same order as the increase in heart rate. In other types of cases the saturation of arm vein blood suggested an unchanged or slightly decreased cardiac output per minute.
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The relations between systemic blood pressure and the cardiac output, per minute and per beat is of interest and the administration of atropine affords an opportunity to study these relations also. The effect of atropine on systemic blood pressure has been studied by Harris (5) in normal adults and by Sturgis, Wearn and Tompkins (6) in patients with "effort syndrome." Harris observed that the subcutaneous injection of 1.2 mgm. of atropine was followed by a fall in systolic pressure and a decrease in the pulse pressure. He inferred that the output of the heart was diminished. A similar decrease after a similar dose was found by Sturgis, Wearn and Tompkins (6) in patients with effort syndrome.
Many studies have been made of the effect of atropine on the heart rate. It is important to note that doses of different magnitude may have opposite effects on the heart rate. As pointed out by McGuigan (7) small doses (0.4 to 0.6 mgm.) may decrease the rate or leave it unchanged while a dose of 1.2 mgm. usually suffices to increase it considerably.
METHODS
Observations on the cardiac output, heart rate, metabolic rate, and systemic blood pressure were made before and after the intravenous injection of 1.2 mgm. of atropine sulphate. In a preliminary experiment 2.4 mgm. were injected but this amount rendered the subject so restless and uncomfortable that the observations were not comparable with those made before the injection when the subject was quiet and at ease.
The output of the heart was measured by the method of Field, Bock, Gildea and Lathrop (8) . All observations were made in the morning with the subject having had no food for at least 12 hours and after he had rested 30 to 45 minutes in the reclining position, in which he remained while the observations were made. Each subject was trained in the necessary respiratory manoeuvers before the cardiac output was actually measured. Then a preliminary measurement was made and if the subject showed himself well trained the complete experiment was carried out on the following day. The order of procedure was as follows: first the samples of alveolar and "mixed venous" gases were collected, then the expired air was collected for a six minute period, and finally the blood pressure was taken. At short intervals during these observations the pulse was counted. These counts were averaged and the result is designated the "average pulse rate."
When this control observation was completed 1.2 mgm. of atropine sulphate were given intravenously and the observations immediately repeated, with the addition of several measurements of the blood pressure during the procedure.
A third series of observations was made 1 to 11 hours after injection of atropine.
In one case (subject C. B.) a fourth measurement was made three hours after the injection of atropine. In case 3 (subject T. A.) an error occurred in the control observation on April 1. The study of this subject's cardiac output was repeated therefore 10 days later. The subjects were healthy young men, medical students or members of the staff of the Vanderbilt University Hospital. Their ages were from 22 to 29 years.
Errors may have resulted from the restlessness attendant upon remaining quiet for a long time in subjects who disliked prolonged inactivity or from a progressive reduction in metabolic rate and cardiac output in subjects of a different type. To minimize the possibility of these errors the subjects were permitted to get up, walk about, and drink a little water after the second series of observations. They then returned to the reclining chair and rested 30 to 40 minutes before the final series of observations. After the injection of atropine all subjects complained of dryness of the mouth, several of slight difficulty in accommodation, and some of slight dizziness on arising from the reclining chair. These minor discomforts may have introduced slight errors also.
RESUILTS
The effect of atropine upon various related aspects of the circulation and metabolism are shown in detail in tables 1, 2, 3, and 4, and in figure 1. They are first discussed separately.
The pulse rate The intravenous injection of 1.2 mgm. atropine sulphate produced in each subject a prompt rise in the average pulse rate to about 50 per cent (44 to 69 per cent) above its previous level. This effect began to wear off within the first twenty minutes but was not entirely gone after 12 hours. In one case observed for 3 hours after the administration of the drug, the rate returned to within 3 beats per minute of the original rate. In several cases during the actual injection there occurred an initial slowing of the rate but in each case the maximum acceleration was obtained within a few minutes after the injection.
The output of the heart The control observations agreed well with each other. Following the injection of atropine there occurred an increase in cardiac output of from 8 to 24 per cent in five of the six subjects. In the sixth subject a fall of 17 per cent in the output per minute took place. Since this cent in heart rate implies a marked diminution in the output of the heart per beat. These relations are shown graphically in figure 1. The cardiac output per minute usually remained slightly above the resting level until the final determinations I to I12 hours -after the administration of the drug. At this time the pulse rate and output per minute were both about 12 per cent above the level existing before injection and the output per beat therefore about the same as in the control observations. The metabolic rate No constant change in the metabolic rate was observed following the administration of atropine. In fact, the average rates just before and just after injection were identical. As is usual with trained subjects the basal rates are uniformly low. The respiratory minute volume increased on the average 4 per cent, which fits in with the absence of change in metabolic rate.
The blood pressure It is realized that figures for the diastolic pressure are not accurate because of the difficulty of recognizing the diastolic point by the usual criteria. This difficulty we attempted to minimize by having all pressures taken with the same mercury manometer and by the same observer. Even so, successive observations sometimes showed a striking lack of agreement. Our observations on the effect of atropine on the blood pressure are summarized in tables 3 and 4. Table 3 shows the blood pressure reading just before and for some twenty minutes after the administration of the drug, with simultaneous pulse rates. It emphasizes the striking lack of correlation between heart rate and blood pressure in that the former may nearly double without change in the latter. In two instances there was a definite rise in both systolic and diastolic pressures. Table 4 represents averages of all the pulse pressure figures obtained before and after injecting atropine. No constant,change was observed but the average pulse pressures before and after atropine are nearly identical. The systolic pressures before giving atropine vary from 
DISCUSSION
The administration of atropine, according to these observations, increases the rate of the heart relatively much more than the output of the heart per minute and thus produces a diminution in the output of the heart per beat. This fact emphasizes the importance of the filling of the heart in relation to its output, and thus the importance of the factors determining the venous pressure. These factors include gravity, the aspirating action of the thorax and the contraction of the muscles of the body as well as the pumping force of ventricular systole. Atropine has, of course, effects other than acceleration of the heart. These include according to Cushny (9) a sedative action on many organs containing unstriped muscle, a decrease of most secretions, and a stimulation of the central nervous system, particularly the motor divisions of the brain. These effects, particularly the last, which is presumably responsible for the restlessness sometimes observed in our experiments, may possibly affect the filling of the heart and thus account for the small but definite increase which was observed. The oxygen consumption of the resting human heart, according to Bainbridge (10) is about 12.5 cc. per minute. This amount is approximately 5 per cent of the total oxygen consumption of the body per minute. This being true small changes in the work of the heart can hardly be recognized by changes. in the total oxygen consumption. The unchanging metabolic rate in these experiments cannot be taken as evidence that the work of the heart was not increased.
The absence of constant changes in the blood pressure levels indi-cates the extraordinary adjustability of a circulatory mechanism which can suffer a large sudden increase in pumping strokes per minute without alteration of pressure. Indeed it appears that heart rate, cardiac output, or blood pressure may change, within limits, without involving each other, so perfect and instant are the compensatory mechanisms. Such compensatory adjustments must be of fundamental importance in the reaction of the circulation to diseases of the heart.
SUMMARY
Atropine administered intravenously to normal men produces a marked rise in heart rate, a relatively small rise in cardiac output per minute and no change in pulse pressure or metabolic rate.
The acceleration of the heart rate is accompanied by a diminution of the output of the heart per beat.
